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Abstract  
Recent satellite and ground-based observations proved that during an earthquake preparation 
period VLF/LF and ULF electromagnetic emissions are observed in the seismogenic area. 
           The present work offers possible physical bases of earth  electromagnetic emission generation 
detected in the process of earthquake preparation. According to the authors of the present paper 
electromagnetic emission in radiodiapason is more universal and reliable than other earthquake 
indicators and VLF/LF electromagnetic emission might be declared as the main precursor of 
earthquake. 
             It is expected that in the period before earthquake  namely earth electromagnetic emission 
offers us the possibility to resolve the problem of earthquake forecasting by definite precision and to 
govern coupling processes going on in lithosphere-atmosphere-ionosphere (LAI) system. 
Introduction 
           In the period of   large earthquakes preparation, occurrence and often after their occurrence 
MHz, KHz, ULF  electromagnetic  emission is detected (Hayakawa and Fujinawa, 1994; Hayakawa, 
1999; Hayakawa et al.,1999; Gershenzon and Bambakidis, 2001; Biagi, et al.,1999; . Hayakawa and 
Molchanov, 2002; Bahat, et al., 2005; Pulinets, et al., 2007; Eftaxia,s et al., 2007a; 2007b; 2009; 
Biagi,  et  al.,2009; Eftaxias et al., 2010;  Biagi, et al., 2013). 
           In the present paper we’ll try to explain this phenomenon on the basis of electrodynamics and 
create a model of generation of LAI system self-generated electromagnetic oscillation. 
          From the very moment of starting earthquake preparation, segment of the Earth crust where 
incoming earthquake focus is to be formed, belongs to the system, which suffers specific type 
oscillations: the process of energy accumulation is in progress in the system. But simultaneously as 
a result of foreshocks, main shock and aftershocks the accumulated energy is released too. With this 
in view this system is an oscillation system.  
         Extreme diversity of oscillation systems and their properties at the study of oscillation 
processes going on in them needs identification of common  features in various oscillation systems 
and their grouping into  certain classes and types according to the most characteristic signs. 
         Seismogenic zone simultaneously can be considered as a distributed system since in this 
system mass, elasticity (mechanical systems), capacity and induction (electric systems) elements are  
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uniformly spread in the whole volume of the system. It should be stated that in earthquake 
preparation area each least element has its own capacity and induction because of piezo-electric, 
electrochemical and other effects.  
          Alongside with it, the system is considered as distributed, if time of transfer of perturbation 
along the system is not less than the oscillation period.  
         Thus, for distributed systems quasi static terms are not fulfilled in the principle. Main 
movements in such systems – are wave motions  (Migulin V.V., et al.,1978). Due to the fact that 
distributed systems don’t meet the demands of quasi statics, for electric field .    In this 
case integral    depends on a path of integration between points 1 and 2, and because of it, 
we can’t introduce the notion of a potential and capacity. 
          But if in double-wire or coaxial wires the term that b distance among wires is less than wire 
length  l  and wave length    ( ), is satisfied, in case of low resistance of conductors,  
there will be only transverse electromagnetic waves (Migulin V.V., et al.,1978).   
         Thus, in the plane, normal to the line, distribution of these waves will coincide with 
distribution of electric and magnetic fields for static case. Therefore for small sections of  line we 
can consider theory of quasi static currents as acceptable and can introduce a notion of a potential, 
current, distributed capacity and induction.  
          Since the processes going on in earthquake focal zone in the earthquake preparation period 
satisfy the demands of distributed systems, there should be the linear  induction  L0 and capacity  C0 
there. Thus, processes taking place in the period of earthquake preparation coincide, by definite 
precision, with the above described distributed system for double-wire lines. 
          Values of  linear induction L0  and capacity  C0  (that is induction and capacity per length unit) 
are determined  by geometry of conductors and properties of  medium.  For double-wire lines, if a 
distance between the wire is b, electromagnetic wave length  λ  and  if the term   is satisfied 
where r  is a wire radius, for double-wire system inductivity we’ll have (Migulin V.V., et al.,1978):  
 
       (1) 
 
where c is velocity of  light in vacuum,   - medium magnetic permeability, and for capacity: 
         (2) 
where   is medium dielectric permeability. 
 
 
Description of a model 
          It has been proved experimentally that at the formation of cracks in the period of earthquake 
preparation electric dipoles appear on their surface (Freund, et al. 2006; Eftaxias, et al., 2007a; 2007 
b).   
          In solid medium accumulation of significant quantity of polarization charge  may take place  
in areas, where heterogenity of definite linear scale are formed already or are in the process of 
formation. 
          Polarization effect is often accompanied by electromagnetic emission (Ikeya and Takaki, 
1996; Yoshida et al., 1997) and this, formally is a sign, that  besides electrostatic effect, which forms 
and creates capacity, the polarization is accompanied by induction effect too. But at the analysis of a 
possibility of induction interaction in lithosphere-atmosphere system we have to take into 
consideration that there are many other possibilities of development of  induction effect. Probably, 
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with respect to seismic phenomena, the source of this effect is always lithosphere. Therefore, we can 
assume that schematically we have to deal with definite type electromagnetic contour, elements of 
which should be connected with lithosphere as well as with atmosphere. 
          Conditionally it is admitted that the earth surface has negative potential to atmosphere; 
therefore , before piezo-effect, which is conditioned in rocks by mechanical tensions (Mognaschi, 
2002; Triantis et al., 2008;Telesca et al., 2013), the segment of lithosphere, where earthquake  
prepares, can be considered as negatively charged.  
          According to the avalanche-like unstable model (Mjachkin, et al., 1975),  in a focal zone of 
incoming  earthquake, on the second stage of its preparation, at the background of multiple cracking,  
nucleus of   definite linear  size of main fault is beginning to originate, length of which is gradually 
increasing. Therefore this main fault nucleus can be imagined as a conductor, length of which 
exceeds significantly the characterictic size of its cross section. 
          As a result of growth of tectonic  stress the heterogenity, that is, zones of positive charge 
appear in earthquake preparation areas (Bleier, et al. 2009). Similar  to “Frankel’s  generator” in this 
segment of the Earth crust we’ll have induction polarization (Yoshino, 1991; Molchanov et al., 
1993; Hayakawa et al., 2002, Liperovsky et al., 2008).  
          Generally, polarization charge should be distributed over some surface, which should be 
limited by fault or should be formed  along  the faults (Yoshino, 1991),  that is, near the first 
conductor the same size polarized conductor should formed by induction.  
          Due to the fact that earthquake preparation takes place in a relatively weak zone, with the 
view of solidity  (Mjachkin,  et al., 1975; Morozova, et al., 1999; Tada-nori Goto, et al., 2005; 
Kovtun, et al., 2009), segment of earthquake preparation should be  surrounded from  top to bottom 
by rocks of relatively high solidity. Although, considering that generally rock density at the increase 
of depth is growing, rocks existing above the zone of future main fault will have lower density, than 
the lower rocks.  
          In such case, rate of  heterogenity because of impact of one and the same tectonic stress will 
be  significantly high in less dense, that is, in upper rock. Since accumulation of polarization  charge 
is connected with heterogenities existing in rocks, the second polarization conductor  should be 
formed above the stated fault, quasi-parallel to it. Thus the main fault can be imagined as double-
wire conductor, the length of which exceeds greatly the size of cross section characteristic to it.  
          There are data in special scientific literature which states that during earthquake preparation 
period, in focal zone of an earthquake there are galvanic effects that can be regarded as 
seismogalvanic effects (Moroz et al., 2001). It should be taken into consideration that in focal zone 
there are thermally anomalous sections too.  
          Alongside with it observations show change of  specific electric resistance of rocks, which 
have the character of earthquake precursors (Sumitomo and Noritomi, 1986, Wang Zhiliang, Yu 
Surong, 1989; Du Xuebin, 1992; Bragin, et al., 1992);  
          According to recent studies at the depth of 5-10 km, in seismic faults plane and in its  vicinity 
conductivity increases significantly, because, irrespective  of the fact that the medium  is  
heterogeneous,  there are inclusions of high electric conductivity in the form of graphitization and  
sulphurizing of rocks  (Morozova, et al., 1999; Tada-nori Goto, et al., 2005; Kovtun, et al., 2009). At 
such conditions the above referred double-wire conduction layer can be  closed in the Earth crust,  
in high conductivity zones (layers) and enable virtual conductors to create a contour. 
          And really, if formally there are two, separated from each other, horizontal wires of opposite 
polarity in such heterogeneous medium, where  there are high electric conduction inclusions in the 
form of graphitization and sulphurizing, a structure similar to vibrational contour should be formed, 
which might be locked by vertical electric field. 
          The fact should be emphasized that at the second stage of earthquake preparation, when 
avalanche –like cracking  process takes place, tectonic stress value  in the earthquake focus is very 
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close to the threshold level, which is obligatory  to overcome geological strength limit of  medium. 
Irrespective of constant growth of tectonic stress, earthquake doesn’t occur yet, since definite share 
of tectonic energy is used for avalanche formation of cracks and their aggregation. At this stage, 
resource  of mechanical energy can be considered constant, by definite precision. At such terms, the 
above stated distributed system will act in parallel, as conservative system, which, in its turn is an 
idealized system and is characterized by constant resource of mechanical or electromagnetic 
energies, or jointly, both of these energies in the process of oscillations. Since  one of the simplest 
form of a conservative system is pendulum and electric oscillation contour, and earthquake focal 
zone at the final stage of earthquake preparation combines, at a definite accuracy,  the properties of 
namely this system, it might be allowed to characterize in a similar way mechanical and electric 
oscillation processes going on in it.   
          Therefore, if we don’t take into consideration electromagnetic dissipation, we can use the 
known formula for determination of contour’s self-generated oscillation frequency:  
CL 

12              (3) 
Since at this stage of earthquake preparation earthquake focus already  simultaneously combines 
properties of distributed and conservative systems, capacity and inductivity of connecting wires will 
play significant role and reciprocal capacity  and inductivity of connecting wires (linear conductors) 
will be quite sufficient   for generation of electromagnetic oscillations. At the same time, it is not 
obligatory for virtual wires be strictly closed in contour frames. The main term is existence of wire 
closing mechanism.  
          Of course irrespective  of disregarding of ohm resistance effect in contour, there will 
necessarily be energy loss because of electromagnetic emission, the intensity and direction of 
spreading  of which will be depended on contour form and spatial dimensions. 
          Assuming that a distance between wires is b and b  , where r is a wire radius,  L and  C 
are induction and capacity   of  l  length  double wire correspondingly,  taking (1) and  (2) into 
account,   the formula (3)  will be  written as follows:    
ω = =   (4) 
 where  c is  velocity of light and  .     
           Due to the fact that measurements are made in earth surface boundary layer and for air  
1   (the SI system is used), will be         
ω =       (5) 
          Let’s allow that  l  changes within  the interval (1-300) km, that corresponds to the diapason of 
alteration of size, characteristic to fault in earthquake focus. From (5)  the diapason of the self-
generated electromagnetic oscillation frequency changes of the analogous contour  will be  
 = (103 - 105) Hz, which is in good quantitative conformity with the spectrum of  electromagnetic 
emission  frequencies which are often fixed in the period before earthquake (Boudjada, et.al., 2010). 
Discussion and conclusion 
          The present work offers interpretation of a mechanism of formation of hypothetic ideal 
electromagnetic  contour, creation of which is envisaged in incoming earthquake focal zone. Model 
of generation of EM emission detected before earthquake is based on physical analogues of 
distributed and conservative systems and focal zones. According to the model the process of 
earthquake preparation from the moment of appearance of cracks in the system, including 
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completion of series of foreshocks, earthquake and aftershocks, are entirely explained by oscillating 
systems. 
          At the starting stage of earthquake preparation focal zone is both a mechanical distributed 
system and electric distributed system. At the final stage of earthquake preparation focal zone 
combines the properties of conservative system too. Energy release in the system is performed by 
the characteristic to conservative system signs: by mechanical vibrations and electromagnetic 
emission. It is considerable that as soon as the earthquake occurs and mechanical energy is emitted, 
focal zone loses properties of mechanical conservative system. When earthquake occurs, focal zone 
loses the properties of electric conservative system too, since contour is destroyed, and 
correspondingly, no electromagnetic emission takes place.  
          The paper offers a formula of  dependence  of   the main faults length from the frequency of 
emitted electromagnetic wave. The offered model gives qualitative explanation of a mechanism of 
generation of electromagnetic waves emitted in the earthquake preparation period. 
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